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(57) Abstract: In an exposure apparatus, an exposure of a substrate (P) is carried out by filling at least a portion of the space between 
a projection optical system (PL) and the substrate (P) with a liquid (50) and projecting the image of a pattern onto the substrate (P) 
through the projection optical system (PL). An optical element (60) and a lens-barrel (PK), which are in contact with the liquid (50) 
when the substrate (P) is moved, are subjected to a surface treatment for adjusting the affinity with the liquid (50). Consequently, 
formation of air bubbles in the liquid between the projection optical system and the substrate is suppressed and the liquid is always 
held between the projection optical system and the substrate, thereby creating a good immersion state. 
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2 4 8nmtfei^ 3gl;USsfcK<DA r Fx+v T U— If© 1 9 3nmfe» 

R = k, • A/NA - (1 ) 

5 = +k 2 - A/NA 2 - (2) 

$refc£o (Ditx (2) iUtK ASfcjSERfctttoSfc&iZx «*»*At« 
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&69£9 9/4 9 5 0 4^$Rlz:gg^*tlTUi>>«51^A^3g$tlTU5>o -CD 
jaft+TflDBafe^flDSftJl^s 1 / n ( n li^fr(7)S*f^Tjfi^ 1.2- 

*%Bfl(D^1 (Dmmz'&TUt, IVP->(D&*%LW (5 0) *^UT«« 
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.t!&Jt*->(Dl$L*:&asiiZ&&-t (PL) 

«HB«aB3te^* (pl) amzmi* ( 5 0 ) aapa- ( 6 0 x p k ) 14. 
^#(50) t(DmQ&*mmi-zfcfo\zmffitm£tii:i\z>m9tmw: (ex) 

(P) ±l;:te¥ LT^fc«3fe« -a T : 

«ffiB/^->a>fkftat«i3iftig-rs«ae^* (pl) 

w&tkB^t^ (pl) #x *o5feiiflD^*^ (60) mm^^om 1 ^® 

«*(AR1) ff§1 (AR 1 ) ffla©»2OT«« (AR 2) £:£ 

3f Lx 

*1 «HB«« ( A R 1 ) (DmW (50) IZ»-j"St^Pl±A<x JR2OT«« (A 

r 2 ) (50) \ztttzm%i&& <o tm^m^m (ex) »i?*iSo 

«**fntt*x ?-(D^Sa(Dm2ai5^«i: , 5^<-r5>z:xCTx ^ 1 a®fl^clxl«fc 
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*«^<Djf5 3(DJK«l^iLtfv S&e-A (EL) T/t^->^raa^Us a*£ 
-•><D&1k7&W (5 0) *^LT»« (P) ±l-CTL-rSt5^S3 1 ct-i»g7fe^ 
ftfeot : 

t^/^->©«**4E(w«t»r%is»ate^ (PL) t ; 

(PL) ( P ) fc©HCD'J>fc < fcfc-fi»fciftf* (50)1:1 

fe-T^S^S ( K 2 ) h ; &«5U 

aft (so) ck saesfe^ (pl) tsts (P) fc©iai3feitss« 

#(50) <D3S*l<DS«* v % fait (50) 0)SJg£ P , WW (50) (DStett^ 
$&%:/ULt. LTn (v • d - p)/m^2 00 0#>».SS*iTl^B*fe$S11 

(EX) #«tt£*i3o 

*»«!3J:titf. ±eaH*S&*$*J£T5«fc5l^ (PL) 

*»BJ§©tg4(D«8«ll^3Lli. B*fekT-A (EL) T7X^ (M) (DJi*-> 
fcJMU (5 0) ^^LTM (P) ±i3<6*urattE* 

i«e/t*->a>**rai3!«r3»iB#*# (pl) t ; 

&&yt¥m (pl) h^ts ( p ) fc©Mfl!>'j>* < ht— tt*»f*T»fc-rfe«> 

<Z>ft«&« (1 s 2) h ; 
^(5 0) tf£*K (P) ©££;frft fc^frlZJiSStfc fc ^ TafttiSSTfeSlffi 
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(ex) wmmtshZo 

(5 0) £^LTSt5 (P) ±l3CTLTg«fl3fcT?>ii:fc2l 

|&IB/^->©«*«RI3*ftjB1-S»»3t^ (PL) h ; 

fflfi ( P ) ±CD*li)«* (50) ( 1 x 2) k. ; 

m&mm (k 2) *wwr*w»*« (cond t ; 

l£$iJf3P£lfi ( C O N T ) «R ( P ) ©R^lnS*** (50) ©#W&A«ff± 

5 (1x2) *itttPT*ft%&« (ex) *«a«**i*o 

ZtiZZtlzJiK), W^lzmtth1t&y£*teMtoZ'z.iiffl£<. &&±izm 

*«Bj|CDjg6©«8«ll^iLlf. SUB*^* (PL) [z:J:*M*->©«&Sffi 
(P) ±(3«;JKUTa« (P) *«*r*«^»t»^T : 
m&mz^ (P) ©*l54x »#(50) tflD«RfPtt«:IIBS6-rSfctotSE 

»3K3t^* (PL) ( P ) £.<D1BMD'J>1Z < (50) tl 
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tztZtt J 

/t* SS»(50) £^UTS« (P) ±lZ^BT^Ztt^tD 

H3li. fitted X;USvJ r lEli|X^X;KDi3S^J$:^"riU"^fe2>o 

HI 5 (a) ~ (c) fix a®MS*<]«S^tiTU^t^^^t^h©Pai^ 

0 6 (a) — (c) I*. tifelS^^ tI^t0r B li:^tf 

H7ldu *!6^a>flBCDltifiJKiB*l»M-r5fe«><©BI"Cfe*o 

HI 8 (a) JkV (b) I4x ttlS^ XJU(Dflb©SIJfi«4^ia"x?feSo 

B11 0I£ N ^ai-HK^/X^XOKafixaO)— W4^-T7D-^-^- H3"CfeSo 
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?7^M©/^->«i^f-vP s Tii3e»**iT coasts ptts^R 

ZZt, *mm&m-T:te. B3fc£*EXfcL-CT**M*:S5Pfcfc£S*lSa 

^->^s«Pi3S^-ri>^sMs^e 09rw***=>2'*^>t) 
fc-at5ti5*zi^, ztt^iRjiiM*c¥®rt^^^M^aiffipai©ra 

^Sb^fRj (jtafcfrlPl) feXtt^InJx Ztt^lRiaifY«l*lR)I^SlE«c*pSj 
ffi^fRl) feY*Hl*lRjfcr*o X$4. YMu Rt/Ztt^fcO^fe^tl^tls 

0X. 0Y. Z^[bJ^^-2>o CdTrUo r^tfcj |£^f*0:nM± 
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*? M±<Dm^<D^mmitm^m^ i l iz£ k> m-^m&^oym^ elt 

if^ (i!248ntn) §0SI?M (DUV&) A r F > T U -If % 
9 3nm) RtfF 2 U-1ftte (2ft* 1 5 7 nm) (VU 

£D3fc$iAXlc:Mfc¥®l*)x X Y?IrtT 2ifc7c»«f»r«ERire Z*1rI 

i:»'J»lHieRrft"Pft5o T^^^r-yMSTIiU^-^W^^^f- 
vMiimM S T D t J; «9Ctt**iSo X^- vIEK^SM S T D [tfflW 

glCO N TI3J; 9f»2*i£o T***tt-S>M S T±(DTX*M<D22fc5W 
|Sj©iif s ©Ste^li -if T^ftlHJ: O'JTi^'f AT'ltjI'J^ tlx tt>PJJ*§^ 

[tum^m.o o n t izaastiao *jffl««c o n ti* u-tf^fhon-aitt* 

S T IZI^ £ *iT L\ £ V X £ M (D&MJfctf) 4 fr -5 o 

P L lis ^*£Ma>n*->fcJTO©*^W£T?*fiPI-8M&>t 

fc^ttaJHSM** 0!);ll£*x>b* (SUS403) T^dt*tifc«KP KT^ 
»*tiTt**o **»9B«fcfeitT* jMB***PLI*> tMB«*/8ff«*.li1 
/4fei»lM±1 / /5CD^Jvm-?:fei)o fcfcx «Rjt¥*P Lf4»ft«&tftt** 

Jft (£«*) »«l:»l*6*iTU«. «a&*qe*P L©56*»»7I4. ^*tF6 0 
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^lt^nZ7f-v5 1 Z7f-v5UxinXY7r-v5 
2 t, XYXf-v5 2^5^t5<-7 5 3 fc&fiiiTUSo i^T-vP 

x^- yeum p s t d itmmm c o n t u: «fc t> *iw * *ia «, z^^-v 5 

1 £l*i!rr?>;i 9 x Z7f-v5 1 iz«»**iT"i^attEPO)Ztt*-|Riic 
XY7f-v5 2 &eBr*-3;i S*£P<dx Y^fadfcitSteS 

ZXf-v5 1 l±. ^P(D^*-*7.{u^tJ J ^4^^$'JmiUT^t5P(D^® 

Ii7f-vP S T (ZXr-v5 1 ) ±lZ\t. ISXf-vP S T hhtl' 
Jft»3t^PLI^Lr^tt^-S»»tt5 4*<»l±6*i-CL^o ££s *£ibt£5 
4li*tlRl-r*&«l^(iU-tr^tt-5 5A^i9!(^t>tlTlN5o i^Xf-vP S T 
±©StSP(7>2&^:£|tO<D<£S, »tflsrtiA(±U— 5 »9 U7^ 
-f AT?tHM**u W3M«*li*J»*l«CONTl3ai***i5o frJfcPglgC O N T 
JiU--tfT^th5 5(Dtt^Smi'So-UTS»^-^iEib^MP S T D 
t§^hTM^T-vP S Tl::^£3h,Tl>5StKP©tefi&to&fr"5o 

P L <Z>$fc*£gB 7 \Z\t%^Hk=f- 6 0 P K©-SP^i3S^tlTfe 0 * 
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U— If &©#■&<=> -fx B*WfeE Lfcmtf**^>^fr&»&* ft 

« (g«U h*L i») MKrFi*v?U-1f7t (M2 4 8nm) *©» 

**Hfe(DUV*fe) 3©fi*7fcEL£^lir#ST:<fc£>o 

g&=&S E X 14. P L (D^SP 7 P £ ©M©ffiRB 5 6 IhFJtSe: 

©an* 5 o«»iftr««f4^«fttts (*aafe«> 1 anas 6 ©as 

&*S^S1 I4> SU£*te5**P L££tSPi:©fa©'>fc< SPlix S*5P©^ 

#>7ftiT4iiTU5o 1 tel40M^3(D-»a«tti***U 

♦Se3©fb«JSPtl4ttlft>'^U4 3b<»«**iTt^o I4#te«3 

[3I4HWX J X)l 5 ft<$K$ *it l\ 5 o »#@JR«i 2 14IHWX -/ XJU 5 XtflsMX* 

»8«C0NTI4S*fttfctS»«1 *«&U aRtftt*^ XJU4 LT 

£M5 6l3j^L"CJ|L{aB9IHSfe*)Wf»©iftf*5 O^tS^ttllx ^0 
iRglt 2 4 Mm L x M y X 5 & tfEWX* 6 & ^ U TlMilSM £ £ i? ffi 5tfi© 

15 P 4:©H©£M 5 6 IZjftfls; 5 0 *i5 c 

mmnxMizit* 9tmws o A©jeT©^©*£&fi^i;:^x£M©-gp©^ 
x^irj (xi4-x*ift) • v (0i4»ef&*) T»«r*-*o ^ut x i 
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ft fc3FfTl3»K©»lb*ia ID-MClifrfc 5 0*SSt«ko lufft^ tiT t ^ % c 

is 2i*. au&3te#*PL(D$yittP7fc. »f*5o&xtt#iai£#ta-r*tt*a>' 

XJU4 (4A-4C) »f*5 0*!sli|X-r5l2liR/X;U5 (5A. 5B) hCD 
&«IW#ft^-riaTfe5o H2i:6tMs $ti««P7 (^1^6 0 0^16 0 
A) ro^liY^lRjI^St^^t^oTfe"?. tft»3fe^mP L©$fcSftSS7 
* X miaMZ»t2 cfc ol^ + X 3 «3(Z>«<& ^ XJU 4 A ~ 4 C #IB8£ tlx 
-X^ffi]ffiiJl'2o(DlHJi|X>'X;U5 A N 5 B#IBit£tiT^?>o ^UTx X 
;U4 A~4CI*ffc*&tt3fc^LTfc##8&Sat1 dJg&StU [5]iR/X;U5Ax 
5 BI*lHl^ < g4^^UT^#:M^2l3^^^TU?»o £fcx ***§/X;U4 
A- 4 CLOURS X)\,5 A. 5 B 7 <Z> LTBg 1 8 0 ° Elte 

LfcflHtlUx i$S;X^8A-8Ch, |5]iRyX^9A. 9 B fc*<IB«£tiTl* 
5o fitted XJU4 A~4 CiiEliR^ XJU9 A. 9 B hli Y^fp]^^SI^BB?»J^ 
tlx A~8 C^laMX./ XJU5 Ax 5 B hi* YffcfrfoJlZl^SlZllB^J^ 

i&yX>»U9A. 9Bli0iRf 1 1 4^LT»f*lHliRM2C»tt**iTl^o ^ 
ct-5II.^t)tl5o 

££x EI3l^-rJ:-5l3x 5fe^P7^^A,-eY$^rSlWJtD^ti^tit'^/ 
X^3 1x 3 2&ZfW; X)13 3 N 3 4 fclBttS £><> 3CD#t*&^ X 

fcfc\ ±MLfeyX;K7)^«li^lS^^ti5t»a)TJ&<x «x.«5fei«»7 © 
S2I^UT2*t0DyX;U-C»f*:5 0©«tSXI*lslJ|R«:ffo«fc-5l3LTt.«fc^o 
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T II&^TIB^ L T t> J: t \ 0 

5„ $feig§P7li. ^SS^I-SfctolzSffiP^^S^fi] (Xtt^lSj) l^»«ir* 
fctrli»ft5 OtitetS^TfcoT, «f6 0©TI6OAMiIP 
KTSCD— SPfe$t?jSae3fe^3RP L0DTS7 A. IkVZCDTW 7 AlZ&mtzm 
WPKtD— a<Dffl»M7 B4*t?o *Hifi^lSl3fct^Ts iftf*5 OI±jjO?3&£fc#>* 

7 in i±7k ^ ©*wq14 i; £ tir t \ & 0 

r 1 mmn&^-c&M p K.cDTacDsioofittxvftifSP K©ffl!j®Mt;iB2a 

Bifi^tA r 1 cd^#: (tK) 5 oiztt-tzmn&tK &2mmmm.A r 2©»# 
(*) 5 ouifcrrsfcffnteJ: &*< as^-sts sgi , mzmmm&A r k a 

*2*ffi«*AR aizwuriiajftttt^-rsam^ig (JBTMbaos) 
i^i4ro^:tu7kTrfei.fctos ^m^e o^^t^i mwmi&A r 1 u:*ti-s 

*bMb*L3Ifc LTv ^Jxl^y;H]->'U'&:^'t4CD^#Ut73- : ? : 4fiia)^K-e^$: 
MtSlfC^ ZflDtM Sl^AR 1 u:**LTSS7k1±&tt-£-r£o fcauli* 
Jg1 *ffi«*A R 1 <Dift^m=F6 0CDTS6 0 A&tf&^P KiZMLT, 
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9misxt.i,-cnf& (o 2 ) «i i^T77 X7«iit * o 2 ^7 X7«ia4«t 

«51«®««AR 114. #^*»*rc&5^ 
o i:ftKaj*rc**ll1»P Ktm-ci^fefts *bMb«ia-*-?>*&x 

mi^outtfT^So fc^3A,s ffS1 a®^MA R 1 (DiD^^mxf 

ttWPKOT4*t?«2OT«*AR 2UlttLT(4«7Mb«! ! 3tftfc**i 

T^Ktefctt-^"*^ fc*lM4. «iS^i:LTEH7'y<bJ»* (CF 4 ) fcffll* 
X7ilt £ C F 4 75* CI h (3 ck o TSWctttf*^"*" ^ 

ttf-e^5o ^2^®$I^AR2l3*^Ll:^^IJ^^^J5E^2>^l3fct^T ; fe. M*P 

^MKtffc £(D^3s& Jl I* S 3 i: #T t ?» o 

us, aispi3*t-j-s«U!K<b«kafcLTi4. ±a»ufc<fcafcmi47^=j-jufc 

h*@tt<D*£ lN^«aftO)««T!5l«*:^ric-r 2» 3 fcTffflfi P 0)*®!;:** LTi 

8rt±*tt#«o fcfcx at«pa)*ffi«:7;u3-;u«cirft»*UT*iBtt!!abfc 
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-S/PSTfco- K£*Lfc&x 1W»PtKilCONTtt»*«»**1 feiKUbU £ 
M5 6l3»f*»»fltt&»f**M«»«o 1 ttfflnB5 6K:**UT* 

fiP(D»«l*iai3»oT:»f*5 O^tio 0»J*.lix ^PXa (02#«) T? 
jjxfjtStffa (-X^ft) K^P4»tt£#T£M#*fT3«^K:(*x 
£3. XJU4 A — 4C. g!iRf4, RlfEM J X)l 5 A x 5 BSrffilM:. 

Rtf»f*lalJtt«« 2 Kick 9 a«*5 0©#t6RtflH]i|X#*Tfoti.3«, 
TTfcfr^ ai*RP3t>«-X*lRll3»tt-r%l«l3lix ttl&f3S«^^4 (4 
A-4C)^ 1fr6«f*5 0 P L Pt© 

Hl:««ld*i5i:tfetv mi|xyX^5 (5 A. 5B) x &tfHWXW6 IT 
jfttt 5 0 *<*f*:|a|iR»* 2 fcEMRStu U >X 6 0 £3£*K P t<DBB&»fcr J: ? 
II-X^Fp)II^5 0#3Mx£o ^EPX bT^-T^S^fR) ( + X£|rJ) IH 

C. EMRttl K StfE^ XJU9 A, 9B£ffiUT. 1 

l2iiR»it2ii«k t)^5 o tfiiMx#fT*>*i£o -r«c*>-fex S*£P#+X 

*fa[Z®®T%miZ\*, «t&*1 0»«;X;i,8 (8A~8C) 
f*0M£ilg 1^8.^5 0 ft®te%^Jh P L P iKDMI^te* tt* fc *. 
C N [5]i|x/X;U9 (9 A. 9 B) s 1 *^LT»f*5 O^^lsJiR 
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OT2K:[h1iR**U U>X6 0fc36«Pi:G>M*)|ltfer«k-5l3+X*lRll3»<*5 
0 #3£*i£) o CICDct -5 1^. ftJSPfsieC O N T I*. ^#t$&^g 1 RZ/jaftigiRdS 

ifggH ^6«tS>'>C;U4*^L/Tttt&**iSJaf*5 OI*g*£Pro- X^f*^ 
7£M15fytZfoCTmi*5 0*>M-ffifa&tyK>®7L%Z£\Zj:K), +Xl5fa, XI* 

0l*#t^y Z)\,4£ "9#t*S£*U [HlilXy XJU5ct D!°MX£*i£>o ClCDh^v 

5 o t&fap ttema&m&^tztb. &t&nei*±g^o ms (t>) i*gisp# 

S*5*^-:>"P S Tt* 0X«j*-|Pll3»«l*l!l!lifeLfeJKII84*-j-EITfe3>o >£te 
5 OI±»lb-r*a&EPIi5loiR6>*iSJ:ol3UT:aE3^rSo >frf*5 0 tS&P t 

i*«fptt*<tet^fetox a#:5 oi±*ffiPflD*an*^iiitL^ruo is (c) i*a 

»f-i/"P S T±fl[)*tSEPa)»lbajaE* < 3EI-±#Lfc««8«:^-rET?&So £ 

tsp taw* 5 o tamzmmm (*js) h 1 ^BR*ti. u^«fe^*^e o 

El 6 l*x ID 4 L\TKM Lfe* 5 IZ^^^m P <D%im®> 7 j&tfgffi P 
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